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ABSTBACT ^ 

^ This article presents the subject of English for 
Specific (or Special) Purposes (ESP) froB*the point of view of the 
school teacher ^r university lect^urer atteBpting to teach spience to 
students for ifhdfn the aediuB of instruction is a second language. The 
skills a student needs; in order to achieve success in igqlence are 
analysed as: (1) discipline-specif ic*-strategies for extracting and 
patterning the data in a particular field, (i) general 
organizationai-^for presenting data in^ written and iconic fora, and 
(2) linguistic skills* In a second-language situation, the teacher 
cannot assuBe that students coBe equipped vitii these skilljs; he Bust, 
therefore, teach thea in addition to the scientific content of the 
course* !fhis places constraints on the organization of the course and 
on the materials that can be used successfully. High-level science 
Baterials, such as lectures and lesson notes, nodifiable to fit the 
level of the students* abilities. What seeas to be called for is a 
set of integrated aaterials nhich require increasingly coaplex 
coaaunication skills and vhich provide fo]» individualized learning 
activities. The close cooperation of science atad language speciali^s 
is needed to produce such aaterials in aany scientific areas. (TL) 
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THE SUBJECT commonly referred to as English ^or Specific (or Special) Purposes 
is curr^iltly attracting a great deal of q^ttention in mariV countries, particularly 
in the/fi^ld of science apd technology. Thi9 edition of ELT Documents presents 3 
papers' which appi^oach this subject from a different perspective* Two of these 
recorti vaiiuable fiield experience*: in ope case in an overseas situation (Tabriz), 
and An the other in Britain (Venezuelans at; the University of Essex). The paper 
by iSr J Cleary presents the EST problem from the scientist's point of view and 
shoi^ld give teachers of English an insight into what' the head of a science 
departmrent might ask of the English department. Dr Cleary is both » chemist and 
an eduo^itionist. He has had experience of both the British and Amer^^can educatipn 
systems, has taught in both LI and L2 situations, and has been involved in teacher- 
training, curriculum development and materi^tls design. Hft paper, 'Science Teachllag, 
/in a Second Language Situatio^t', should proVide insights for all teachers of 
English who are teaching science students. It is hoped that all 3 articles wilj 
assist those engaged in thi design or adaiuia^t ration of EST courses. ^ 
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Sei^CE TEACHING IN A SECOND- LANGUAGE SITUATION J Cleary 
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Physic^ Lecturer : 
Student: 



As a result olf this derivation, cl^f^s, we 
arrive at thJ following expression; nr^. 



No, sir. \Pie are round. 



1, An overview 



Cake arf square. 



TftB SCHOOLTEACHER or university l^fcturer faces a variety of p^foblecis in 
atteiiiptitig* to teach science to a group of students where the medium of 
instruction is a second language./ This paper will present on^ view of 
tho&e problems, an seen by l^e- alienee teacher, and suggest a wny of 
classifying the knowledga and skills areas in which problems seem to arise. 
Vhe classifications suggested arfe not bard and faat, nor neccngarily mutually 
exclusive, btit appear to be a uaoful way of viewing the whole problem of 
Xoaruitig science in a second-language situation. 



A 8ci«^^co teacher itJ confronted by 2 types of problem in teaching students in a 
second-^lRnHniuge ,4it'>fiiticn. First, hb faces the problem of students themselves, 
who are usiag a second language not pnly for ordiiN^ry communication but also for 
the l^or^ spiciallttoa comiflunicatif>n demanded; by situd^ions in a specific scientific 
dii8ci?>irn^ S'uch as chemiBtrv pv r^^olDcy, cr in u mixtur^* of discipllnea such m 



have the* ttiui^nnift ijsa +c» n^-^^* z^^cet^s 
Both these probleiiSc? are complex, wiic 
with one ar.oUicr. 



In aorJi t Lon, >'h(s scienr^? teacher 
vxoXD u|nich u^e. lor his teachinc ana *ould 

to tho! hnowledgo vnd ckillc of a subject. 
Uii?r du^iSidere'i ser>arately or as interacting 
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When considering his students, the science^ tpacber is confronted by 
2 distinct problem areas. The first is the area of content, the knowledge store 
of the studeifts, ahd the second is the area of skills needed for success in 
the study o-f a science. The science teacher assumes a certain knowledge store 
in his students and id concerned with adding to, it. In order to achieve this, 
he must give his students practice in the>^ills essential both to the 
acquisition of content and to its appropMate manipulation. Since the * 
acquisition of essential skills is the key to the acquisition of essential 
content, the chief concern of the present paper will be with those skills. 

The skills area, though regardcjid as a whole in many cases, is here considered 
as comprising the following types: 4 

1. discipline-specific skills - concerned with data extractipn and ^ 
patterning in a specific .field > 

2. general organisational skills - concerned with general presentation 
and manipulation of data in many areas 

3. linguistic skills ' ^ 

The problem of finding suitable teaching materials is a broad one. Teaching 
materials are here classified as materials which are open to modification 
by the lecturer oir teacher, such as lectures, lesson notes and independently ♦ 
produced materials, and those which are not open to modif icatiph , such ^s 
textbool<^ and journals. But, as will be pointed out, this seertingly clear- 
cut classification need not be a rigid ond. 

This paper explores some of the problems arising in teaching students in a 
second language from the perspectives of the classifications given. It 
analyses the needs of the student\n order to achieve success in a science 
course and suggests some means of meeting those needs. 

II The students 

With {\ie adyent of taxos^ies of educational objectives such as Bloom's 
classif icati^bnH*^^4t has become normal for science educators and lecturers to 
attempt to present Sl^ort- and long-term scientific objectives in detail 
and to indicate skills in specialist fields which students in those fields 
should be equippedL with. Beard^ summarised one categorisation of skills, 
which a biochemistry committee utilised for examinations. The list included: 

V 

1. recall of specific fart«->* 

2. recognition of meaning or implication 
selection of appropriate generalisations to explain phenomena 

4. ^^3fcjUiterpret:ation of data presented in a variety of forms • 

5. ^Application of principles to solutions of problems of a familiar type 

6. * anat'yi^is of unfamiliar constellations of events ^ 
.7. evaluflNi^S^n of a total situation 

8. synthesis^^kf data into new and meaningful wholes 

'A moment's reflection on li^t will reveal th|lt, far from being specialist 

skills only for biochemistryv^aytie hierarchy of skills indicated is in fact 
applicable to ♦many fields. scienbJJI^i^nd non-science alike. This hierarchy can be 
further broken down, and each skil ijbljjjwbe considered from the perspective of 
the DISCIPLINE-SPECIFIC, general organi?Sfcj4pn^ and linguistic skills involved. 

For example, lei us consider item 4 from the li4^above: * interpre'tation of 
data presented in a variety of forms. Students nn%i^tbe given a reading 
summarising the treatment of rabbits with coal tar topr^fi^uce tumours. The 
reading might inqlude information on the number of rabbits fr#»t.ed and the 
number of tumours produced 'under various conditions. Scieptific skills involved 





In the interpretatloti of the data might be: 1) recognition Jf trends in the da^ 
which ^ Indicate accord with hypotheses concerning foraation of tumours; 2) asseismoAt 
Of relevance of the data for the support of different theories concerning tunour 
formation; 3) suggestion of further experiments to be attempted as a result of the 
data. However, use of th^se scientific skills would depend on organisational skills 
which might be necessary for dealing with dat^^ln many different fields. Organisational 
skills useful in the task of interpreting the data in the above situation might 
include: 1) ability to translate the data from a written ^account to a simple 
tabular form; 2) ability to produce a graph of the data, given the variables to be « 
plotted; 3) ability to list the suggested ^further experiments In a logical order. 
/ J The patterning skills used may thus be fairly narrow ones in a scientifii:: area**, 
/ ^^>wch as deciding whet^^ part of the data is extraneous to a particular theory or* 
fairly broad organisational ones such as production of a table from written data, 
which is necessary for many fields."^ The third area, language skills, is ^ 
the area in which the science teacher feels least able to cope. What linguistic 
skills are necessary for students in the situation of interpreting data? Does the^ 
student need to be able to ' recognise meaning in particular (flaus'es, divide sentences 
into logical and meaningful parts, ar organise data into groups of related readings 
or observations? In short! what laxiguage skills are essential to the science 
student if he is to "liucceed in the task of interpreting data? Given students 
who encounter problems in Interpreting data, the science teacher tends to feel 
that what students lack is the ability to relate organised data to' a particular 
theory, when the real problem may lie in tlieir inability to organise the data in 
a coherent manner in the f|il*st place. 

- i *' * ' 

The appropriate disclplini-speclf ic skills will obviously vary for the different 
Specialist areas, but Overall attempts have been made to specify the skills usedL 
by a scientist in Uoing science' , and the activities associated with *crirtlcal 
thinking* In science. Consideration of the process skills from\ primary science 
programme o^ the one hand and an analysis of critical thinking in advanced physics 
on the other will service to indicate the types of skill necessary at different 
levels. Science - A Process Approach ^ takes the yiew that a scientist's behaviour 
constitutes a complex set of skills which induaes the following: 

a. observing ei formulating hypotheses 

b. measuring * 1 i. cont^rolling variables 
c' classifying /g* intelrpreting data 

d. predicting h. experimenting ^ 

^' 

Burke^ suggests that a person uses such skills as the following in carrying on 
, critical thinkihg in physics: 

1. criticising faulty deductive reasoning 

2. recognising what assumptions are to be maintained in drawing inferences 
from data 

3. selecting the hypotK&lJHW^ from a group of hypotheses, which most 
adequately fxplalns given data 

4* criticising experimental procedures as to the |)ertinence of the 
procedure to the problem under consideration 

5. recognising the exlstc^nce and the extent of errors of measurement 



* Cf .the model preiented by Jones and Roe on page 35 of their paper^. 
Discipline-specific skills are related to formally learned strategies for 
extracting and patterning data in a particular field. General 
organisational skills per^iiln to their ^general cognitive strategies* and 
to the patterning of data In^lved in written and iconic presentations. 
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^However one specifies skills. In a particular discipline, ihey can be sMfi to be 
related to the second type of s|:lll outlined above (generml organlsatir^al 
skills). For each iiieclpllne-speclfic skill Mentioned', there are gMeral 
orgfiilaatlonal skills oh which It Is based. Making observations of appropriate 
data is useless if the observations are iot carefully and, concisely recorded. 
A cheala,^ Bay ke able to aake Measurements on SiSerles of reactions and relate 
the results to a aodel, but still be unable to coteunlca^ his results in a 
lo'glcal Banner 4 A student, in physlca k^y recognlie tll^varl^bles which could 
affedt the period *of swln|^ of a pendulum , and unable *to state how. 

systeBa^lcally / to vary thea on^ by one. ^||«^ succeed in a particular task, 
depends *nort only on the particular sclen^^^c skills relating to the extraction 
of data or the perception of patterns <4^Fthe ^Ulta^ but aJLso on the student's 
proficiency in organising and present lngjCft»sS^tterns he perceives. ^ 

In a first-language, situation, the* lecturer usually "asfeMM that students have 
some basic organisat^on«l skills (though this assumption ma^^c^^ always be 
correct). His problem then lies in teaching the knowledge aQdskllls peculiar . 
to his field of study, asking the students to emplc^-llngulstlc and organlaat^onal 
skills as needed. However, in a secotid- language situation, the, science teacher 
imost oftfn canxi|6t assiime thj»t students come to him equipped mXtl^^fSe necessary 
jorganlsational/skllls. Thus, in addition to teaching specific disciplinary 
skills, the ti/acher must also give his students prjactlce in^ basic organiifational . 
skills, nils added teaching load pllices certain very re^l eoiistraitits on the 
disciplinary skills and content which oan be presented. If Stud ents ' organisa- 
tional skills are at a really basic level, they should be aslped^^^toilpykKtise 
specific skills in |t discipline and process scientific data ^ly at a 
correspondingly basic level until their performance shows tj^l^they are ready 
to proceed to a higher level. «<fii»Mii^ 

In a second-li^nguage situation,* not only can t&e science teacher not assiuie 
basic organisational skills; very often he cannot even assume baslc^ linguistic 
skills. This problem places further constraints on the organisation of ^e 
sclencV cpurse and on tke materials which can be successfully used. 

/ 

•From the students performance in the classroom, it often appears that either 
their mastery (neik>rlsatlon) of content exceeds their skills, disciplines , 
organisational or linguistic. ,The result is a general failure on the part of 
the students in any task requiring more than simjille recall of facts. Here it 
is useful to recognise that students' problems can be attributed to a failure 
in one or a ccpblnatlon of the areas of skill mentioned. A lack of organise- . 
tlonal skills may well prevent him from communicating his findings at all. 
Thus , in a second-language situation, the science teacher is crucially concerned^ 
not only with speVlflc skills and content but also with the training of a / 
broader set of skills upon which the acquisition of disciplinary skills and the 
processing of scientific content depend. 

6 J ' - 

Gagne has proposed a moder oz .hierarchies of organised Intellectual skills 

which he terms 'learning hlerarchiys ' . A learning hierarchy pertains to ah 

Intellectual skill and the Iqwer^level skills that are the prerequisites of 

this skill. Gagne suggests that if students are asked to perform a high- level 

task they must possess the prerequisite skills at successive lower l*evels /upon 

which the high-level skill depends. An analysis of tasks Involved in th^hlgh- 

level performance can indicate the prerequisite skills which are neces^«*y. 

These jia:i^ be analysed to det^ermine- the lower-order skills needed for^uccess in 

them. This hierarchical analysis may be continued down to a level where the 

skills are known to be possessed by the students. Frpm this analysis, possible 

instructional sequences may be proposed. The analysis is valid only in so far 

as it can be shown that ithe proposed lower-order skills are actually necessary 

for the learners in ofder to learn the higher-order skill. 
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It 0tu4#nt0 in a ••eond«-lanKuac« ■Ituatlon •ncountar problmi» with a particular 
Aciantlflc tmak, tha aclanca taachar May naed tp analyaa tha taak InTOlyad.nlth ' 
raapact to tha typaa of aklll raqulr^d* Lack of a prara^ulalta autwrdlnati aklll 
auch aa languaga proflclancy may be tha cauaa of fallura to parfora adaquat^ly 
on a hlfhar*-ordar aclantlflc aklll. The underatandlng of a aclantlflc principle 
■ay not Itaalf be lacking, but the ability to exprepa underatandlng la. Recent 
work In the area of p^Mema of depth -perception In chenlatry haa alio ahown 
the coMpliyx Interrelailoi^hip of aclantlflc, organlaatibn and llngulatlc akllla. 
Hlcholaon atudled the problem which flrat-year atudenta at a Nigerian 
tmlTeralty encountered ih underatandlng depth and apatlal relatione In 2- 
dlMnalonal dlagrau of fraa^work aodala alallar to thoae found In cheslatry 
textbooks . Unlveralty lecturera had had probleaa with atudenta who could not 
follow dlacuaalona related to the 3-dlBenalonal apatlal relatione which were 
repreaented by the 2-dlMenalonal drawlnga. FroB Hlcholaon* a work on thlf 
problea, It appeared that aucceaaful perception of depth and apatlal reTatlonii 
In the dlagraaa waa related to akllla In aeverayir^a: 

a.** atudenta* ability to deal with the molecular atructure of Modela ^ 
(aclantlflc aklll) 

b* atudenta' ability to underatand thc^ organlaatlon of a\>lcture 
^ thir depth cuea of the plctut*e ^ ^ 

c. atudenta' tmderatandlng of worda auch aa 'plane', 'left/right' or ^ 
* nearer' when used with reference to m drawing or t^o the model it 
repreaented (llngulatlc aklll) 

■■ (# 

Conalderatlon of th^ probf^en from theae aapecta enabled auggeatlona for resedial 
materlmla to be made. 

Ill Materlali , 

A aecond aet of problems facing the aclence teacher in a aecond-language 
altuatlon concema the materlala available for uae in teaching a aclence courae. 
Science educatora generally a^rea that equipping atudenta with aclantlflc 
akllla involrsa more than Juat legturing to atudenta and providing them with 
aeminar and laboratory experience • It involvea placl«ng atudenta in aituationa 
where they can practiae their akllla to gain acceaa to the knowledge of a 
particular field and apply that knowledge to the aolution of apecial problema 
in that field. A key element in providing appropriate practice aituationa 
involvea finding materlala which. allow atudenta to practiae akllla at an 
appropriate level commenaurate with their aclantlflc, organiaational and* 
llngulatlc abilitiea, 

A majbr concern of the aclence teacher la that high-level aclence materlala 
auoh aa unlveralty textbooka andr Joumala, which contain important content in a 
fields are often preaented at a level which la 'inacceaaible to atudenta with 
limited llngulatlc and organiaational akllla. Such materlala are iinmodif labia 
in that they repreaent the terminal*akill level which the atudenta muat 
eventually reach. If atudenta are to be competent in a acientific field, their 
llngulatlc and organiaational akllla muat be brought up to the level demanded * 
Ity the literature of the field. 

Below are preaanted excerpta from articlea ih 2 chemical journala, to giv6 an 
idea of the literature of one acientific field which atudenta would eventually 
be expected to cope with: 

Example A: A particularly atriking example of the practical advantage 
which haa been taken of the relative unraactlvity oIL aolida la the 
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. *»ol«cular packaging Of unsaturated fat^y acldiit thua protiactliiff thm^ 
frtm oxidation by Incorporating tham In tha chaimalir of uraa crystals la 
tha fon of uraa. Inclualon cospounda* Notwlthataadlng tha lapraaaion 
vhich Bli^t ba obtalnad fro» such axai^ilaa, raactlona ballavad to occur 
batwaan ■olacular cryatala ^d gaaaa hava ra^rtad for aora than a 

. cantury. Aa an axaapla of auch a raactlon, ji p^^tura of a alngla cryatal / 
of 2-naphthol raactlng with anonia la shown In Fig 1. Curloualy, cartaln * 
raactlona of gr^aat practical valua, thosa of graphlta, tha ultlaata 
polynuclaar aroaatlc hydrocarbon, with gasaous oxygan, watar or hydrogan, 
aa wall aa tha Intarasjblng Intercalation reactions of^ graphite with 
potaaslua aatal Vapour ^or broalne vapour, have been alaost totally Ignored 
•by the organic chealst . 

Ixa»ple,B: ^Saxltoxln Is the> neurotoxin Isolated froa toxic Alaaka butter 
claaa (Saxldlopua gigantaus ) , toxic muasels ( Mytllua callfomlanua ) , and 
axam^C culturaa of Gonyaulax eatanella > Recently, It waa also f0und tq be 
J0mmmnt In aged extracta of acallops collected durln|: a G> taaaranala blooa. 
It Is aaong the^aoat |toxlc substances know^i, with an LD^ of 5--10 g/kg 

(ttouae, lp>* The cheWstry of saxl toxin haa been coapllcatad by Ita 
noncrystalline, hlghlf polar, noniiiflatlle nature, and even the Milacular 
f6r«ula haa been a subject of debate. As a result of extensive chemical 
jUUl^^pectvoscoplc work, structures 1 and 2 have prevloualy been reported 
flnthe literature. We have aucceaded la crystallising the 
'p-broBObensenesulfonate saxl toxin and tow wlsji to report t^g structure 
deduced fraa a slngle-cryatal X-ray diffraction atudy as 3 . 4 

' ' ' J 

Both i||caaples represent a rathe:i^ distant goal for uny satond-rlangumga acience 
atudanta. 

Tbeae examples also bring to light another intereatfng point with re^rd to the 
level of- skills deaandad. This is that, while soae technical writings aay 
raquira equally advanced linguistic, organisational and acientific skills, othera 
aight require an advanced^avel pf one type of skill and relatively siaple 

of other types. For Instance, in terms of scientific content and 
acient|.flc skills aasumad. Example B requires a very high level of proficiency 
and Example A demanda a much lower level. Howaver, in terma of language skills, 
Kxa^le A is extremely difficult and Example B simple and atraightforward. 

Hie textbooka of a scientific field are also unmodif labia , though at the 
beginning tji^e teacher (or iirttltutlon) has any number of, different text* to 
choose from.' Once chosen, /however, a textbook cannot be modified m*y preaent 
problew throughout the coOrae for second- language students unless their 
linguistic skills can be brought up to the level of the text. The textbook will 
preaent the griatast difficuUy to second- language students if it is used (aa 
la often the caae) as the chief or only source of information and readings 
which the teacher and studenta rely upon. 

Amother problem which may arise with the use of a single textbook is that of 
* logical* presentation. Any textbook presents an exposition lOf concepts which 
are arranjgad in what the writer sees as a logical order. This usuallr Beans 
that, data, concepts, rules and conclusions are presented step by step. However 
what is a clearly 'lo^isal* praaentation of ^ateriala may be psychologically 
poor from the point of view of the student's assimilation. Auaubel ktatea: 

Probably the greatest damage can be done through neglect in those highly 
structured areas - auch as the physical sciences and mathematics - in 
which long chltlns of related' ideas or arguments are developed aaquentially , 
each chain in the sequence being dependent upon (often a correlative of) 
ita immad^te predecessor... f'-Comprehension fails in such a chain when,^ 
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tmrnmo^ or mnothari pm of th« links is not «d«quattilj graspad and 
comi^olidatad, Ona sajor raaaon for tha atudaiit*! failura to conaolidata * 
^d tbarafora to coaprahAid^- darivaa fro« a naira coirjfuaion (bj^auj 
Inatructora) of tha * logic' of tha Mtarial and tha paycholofr of 
/laarning^^, . 

nia/point har# ia that although a taztbook praaanta a^tarial in an ordar wWich ^ 
th^ writaxi ponaidara logicfi, aoM atudtata saj not^laarn aaailj in tha logical r 
wa^ tha taxtbook-writar haa aat out. Aa a raault, in addition to poaaibla 
d^fflcultiaa with th^angtiaga of tha taxtbook, aoaa atudanta uj havp difficulty 
learning aatarial ^cauaa of tha ordar in which ^it ia praaantad, ^ 

Dd tha othar hi^itt, if tha acianca taackar ia fraa to cbooaa and oaa a nuabar 
/of typaa of p^tarial which ^an^a sodifiad to fit tha lajral of tha atudanta* 
abilitiaa, hia chancaa of achiavimg vuccaaa with tha attidanta aaaa far ga:#atar, 
though jrla problaaa arf by no aaana oVar, Ha can try to control th,» 'iraTal of 
tha pirganiaational aod linguiatic akllla datiaadad of atudanta in lamming 
ittuationa. But in tha caaa of linguiatic al^illa ha can do'thia only in a 
I ^naral way, ainca ha |iiaaalf ia ^ot akillad in tha praparation of carafully 
/ controlled and gradad languagai^ill practica aatariala. To atic^aad hara» tha 
pcianca taachar mat aak for «aaaiatanca fros languaga apacialia^a. 

Mora and aora, aciaoca lacturara ara racogaiaing tha naad to aaka uaa of varioua 
^^^^_iiathoda.of praaanting data at a laral i^qproprlnta to atudanta' akilla, and thia 
'^^'''^ilTfltt?t4«ul^^ aituation, Audiotapa/alida 

aaqoancaa^ Tidaotapa praaanta^ona , prograaaad taxta^ prograjnad work*ahaata, 
cohdanaad lactura-notaa , filaa^d atructural aodala ara axaaplaa of aodifiabla 
utariala which can raquira a controllad^ aalactad, apa«sific oomunicatiTa 
raaponaa» or an uncontrollad original^ raapona a, froa atudanta* Contaot at 
▼arioua lavala of difficulty can ba praaantad to atudanta by tha aathoda Juat 
liatad, Tba la^al of akilla dasaadad can ai^d mat ba aodifiad to accord aora 
cloaaly with tha larala of aciaotific, organisational and linguiatic ikill which 
^a atudanta igommmmm. tha acianca aducator ia confrontad by a problaa 

ha will not ao^ra alona* But racognltion of tha problaa aa)r ba tha firat a tap 
towards a aolution which can ba achiawad by tha joint affofta of apaciallata 
in languaga and acianca* 

IV Waada and jaaana 

Ci^fo tha abowa problau partaining, firat, to tha a acond- languaga aciMica 
Mjp^xk\^ thaaaalTaa, ai^d aacondly to tha utariala availabla to tha acianca 
/ taachar » what ara tha naada of acianca taachara in a a acoad-- languaga aituttion, 
J and what aaana can ba found to aaat thaaa naada? 

Pirat, tha acianca taachar naada to halp tha atudanta to daralop an itttagratad 
body of background knowladga conaiatiag of aaaningful aciantific concipta and 
J>rinciplaa which ara ayataaatically ralatad* Than ha auat halp thaa to ^avalop 
a aat of akilla with which thay can ^parata on thair background knowlJelga aad 
acquira naw knowladga which can ba intagratad into tha axisting cognitiTs 
atructura* Thia iapliaa placing atudanta in aituationa whara thay ara aakad 
to usa tha akilla thay ^aaaa and in doing ao daralop thaaa akilla furthar. 
Studanta naad to ba abla to obtain naw knowladga froa any sppropriata aourcw; 
thay naad to ba abla to coaaunicata tha knowladga thay poi^aaa; and thay naad 
to ba abl# to coabina thair axiating knowladga with naw knowladga to aolva 
problaaa in thair ^a Id. ^ ^ 

As for th« problM of: utariala, itiidanta naad practica in raadinf - avarytbing 
froB taxtbooka and lactura-notaa to tablaa, dlagrfva, articlaa aod raTiawa - at 



ERIC 



- 30 - 

"2^ 



t 



an approplrlata acianca-contant laval. Thaj iiaad ptactlca in llatanlnff - to 
viactus^a, i}llda/tapa aaquancaa, audlotapaa, Tldaotapaa and tha comanta of o^ar 
atudanta \n dla.cuaaiona on approprlata aeianca contant. Thay naad practlcf^ in 
wrltfhf and dlacuaalon In altuatlona charactarlatlc of thoaa In ^hlch a / . 
Aclantlat finda hisaalf : ^ producing and dlacuaalng raporta and artlclaa/ 
praaantlng abort aaalnara, working on problasa and producing writtan aolptiona. 
angagi^g in aiaulatad aptivitiaa, aunariaing litaratura articlaa and J 
conatructiTaly criticiaing data, hjpothaaaa, thaoriaa and raaaaroh findingay 

*FroM tha acianca taachar'a point of riaw, thia doaa not man pract/aing/Jtoaa 
akilla on iaolatad bita of contant nox practiaing ac^antific akilla apart fro« 
organiaational or linguiatic akilla. Whathar it ia a firat-yaar univaraity 
atudant. writing a biology raport on tha coapariaon of aararal dif fai^ant' typaa 
of call or a .raaaarch-workar angagad In writing tha raaulta of a aariaa of 
azpariaanta on a naw anayM, tha akilla ai^loyad ara not iaolatad aa aclantific 
or organiaational or linguiatic akilla, Thay ara uaad ai«ultanaoualy , and in 
tha laaming aituation thay ahould ba practiaad aimiltanaoualy ai a lair«l 
conanaurata with tha atudant'a dagraa of proficiancy. TEia, of coura^f, aaauAaa 
that tha at\idant*^a lav^l of proticiancy ia conatantly baing raiaad thrdugh ^ 
eontrollad practica* ^ 

What aaaaa to ba cailad for ia a aat of intagratad aatarlala which ra^^ra 
incraaaingly coaplaj; comunication akilla. At a baginning laral, r^a^^iraly 
aiapla aciantific concapta and akilla auat ba acocmpaniad by aiaij^arly aiapla 
oi'ganiaational and lia«uiatie akilla practiaad in tha contaxt oj^a aignificant 
aciantific taak. Tha^atudant ahould ba aainly conacioua of diivaloping 4 
' aciantific akilla. In ordar to auccaad in tha aciantific taak, ha mat uai t^a 
organiaational and linguiatic akilla, but without nacaaaaipily baing awara that 
ha ia urfing tha»- Within thi aat of intagratad Matariya, proyiaion ahould ba 
■ada for ifidiridualiaad laaming activitiaa, ainc¥ nfK* all atudanta will ba at 
tha aaaa laral of prof icijwicy , aapaciallr »t tha b^inning of a couraa. Tha 
axiataoca of indiridualiaad laarning actiritiaa ^ao aaana that dif farant routaa 
My ba'fpllowad in tha davalopMnt of aaaantia^^akilla . Whara ona atudant 
aiiglit raad kararal chaptara of a taxtbook, anpChar aight aaa and liatan to a 
tapa/alida aaquanca and than raad a p^>r>»Md ^fXt taxtbook 
diaptara. In^ thia way individual atudanta can uaa auatdPiala WlH<;^ra b#at 
auitad t6 thair laaminf aaada. ^ 

A acianca ^taachar'a goal ia to produca atudanta who ara.coapatant in a t^^^ 
diaciplina. Tha aaana ha uaaa will largaly dataraina whathar or not 
auccaad. lha idaal aaana auggaatad hara involva am Jlntagratad progr a^fr ^ ^ dT 
aatariala. But at praaant auch a prograMa, involving tha davalopaatft of, 
aciantific, linguiatic and organiaational akilla, ia not availabla to aoat 
taach^ra in dif farant aciantific diaciplinaa. To produca aatariala in aany 
aciantific araaa, tha cloaa cooparation of acianca and languaga apacialiata 
working togathar in thoaa araaa ia naadad. Only than will tha acianca taachar'a 
prob^aaa with aatariala and atudanta in a a a cond- languaga aituation bagin to 
ba aolvad. 
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